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(54) REDUCTION-RESISTANT DIELECTRIC COMPOSITION AND LAMINATED CERAMIC 
CAPACITOR USING THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a reduction- 
resistive dielectric composition in which a sintering 
assistant component can be uniformly dispersed into a 
main component while not segregated and which can 
exhibit excellent electrical characteristics, and also to 
provide a laminated ceramic capacitor with base-metal 
interior electrodes which uses the reduction resistive 
dielectric composition and can provide less fluctuations 
to its initial characteristics, durability, reliability, etc. 
SOLUTION: The composition includes a compound of a 
Dy oxide at least as an additive to BaTi03 as a main 
component or of a Dy oxide by baking, a compound of an 
Mg oxide or an Mg oxide by baking, and a compound of 
an Mn oxide or an Mn oxide by baking. At least a 
sintering assistant is expressed by a general expression 
Ba1-XCaXSi03, where a component X is contained in a 
range of 0<X<1. 
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♦ NOTICES* 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRPT10N 



[Detailed Description of the Invention] 

[0001] 

[Field of the Inventlon]An internal electrode comprises a base metal and this invention satisfies JIS B weighting 
or the EIA standard X7R characteristic, It is related with the reducing-proof dielectric constituent for 
manufacturing the laminated ceramic capacitor and it which are widely used for a switching power supply circuit, 
a DC DC converter circuit, the inverter circuit for lighting, etc. as an object for junior-and-senior^high-schools 
pressure. 
[0002] 

[Description of the Prior Art]The shift to a lamination type from the conventional disk type also follows quickly 
the ceramic condenser which is one of the important passive components used for it with small-and-light-izing 
of electronic equipment so that it may be represented by the notebook sized personal computer etc. in recent 
years, It has contributed to a miniaturization and resin-molding-izing of a switching power supply circuit or a DC 
DC converter circuit. According to the data of an inquiry agency, the lamination rate of a ceramic condenser will 
be sure in A.D. 2005 to exceed 90%, and it is a question of time that lamination affects even the field of not only 
a low rated voltage article but a junioi^and-senior^high-schools pressure article and also a safety standard 
article. 

[0003]For example, many laminated ceramic capacitors for junior-and-senior-high-schools pressure with which 
rated voltage is satisfied with 630VDC of JIS B weighting or the EIA standard X7R characteristic as an object 
for the primary side snubbers of a switching power supply circuit are used, and a 1 Oichi place is formed. 
[0004]The effective layer which the plural laminates of a ceramic dielectric layer and the internal electrode layer 
are carried out by turns, and acquires electric capacity is formed, and, as for the usual laminated ceramic 
capacitor, the invalid layers which change only from a dielectric layer to the upper and lower sides of the 
effective layer for the whole size adjustment and an internal hermetic seal are formed. And the electrical link of 
an internal electrode layer is performed by providing exterior electrodes in the both-ends side which those end 
parts exposed, In these exterioi—electrodes surface, it has the structure where Sn plating or solder plating of a 
Sn-Pb system was given in layers after nickel plating so that soldering mounting can be performed easily and 
convenient 

[0005]Conventionally the dielectric constituent used for such a laminated ceramic capacitor, What added several 
kinds of additives to BaTiO^ which is the main ingredients is in use, for example, the constituent which added 

NbgOg and CoO to JP,3-23504,B at BaTiOg is indicated. 

According to this, it is indicated that Nb20g and CoO act as an ingredient which carries out flattening of the 

temperature change rates of electric capacity, and satisfy the EIA standard X7R characteristic. 

Similarly to JP,3-6 1287,8, at BaTiOg NbgOg, The constituent which added CoO, CeOg, and ZnO is indicated, 

CoO carries out flattening of the temperature change rates of electric capacity to Nb20g, Ce02 falls calcination 

temperature, and it is indicated that ZnO improves an electrical property. 

[0006] However, as an internal electrode, the above-mentioned dielectric constituent had a problem in respect of 
raw-material cost in the variety of the number high electrostatic capacity of high laminations especially on the 
assumption that use of Pd system precious metals. As a method of solving this, it is publicly known to use the 
alloy which uses nickel or nickel with cost cheap instead of the precious metals of a Pd system as the main 
ingredients, and the rate of the base metal internal electrode article occupied to a laminated ceramic capacitor is 
increasing rapidly. 

[0007]Since nickel is a base metal, it is impossible to calcinate in oxygen environment like the laminated ceramic 



capacitor of the conventional precious metals, and it must calcinate so that nickel may not oxidize in hypoxia 
partial pressure atmosphere. The perovskite oxide represented by BaTIO^ publicly known as an object for 

ceramic condensers, It will be returned if exposed to the atmosphere below the oxidation reduction equilibrium 
oxygen partial pressure of nickel in the elevated temperature more than 1000 degreeC, and the reliability trial in 
the state where the insulation resistance value fell or the electric field was impressed, and the defective fraction 
what is called in a load life increase, and it stops achieving the function as a ceramic dielectric for capacitors. 
[0008]To this SUBJECT, these perovskite oxides change the stoichiometric ratio of the ion which exists in A 
site and B site, or. Or by becoming a donor into a crystalline lattice, and dissolving, for example, adding a 
transition metal ion etc., Many reducing-proof dielectric constituents which comprise a perovskite oxide and a 
small amount of additives are devised and indicated using the character which becomes that it is hard to be 
returned even if it performs the above heat treatments. Although the former reducinr"proof dielectric 
constituent had the JIS F characteristic in use that the temperature change rates of electric capacity are large, 
positive material development is performed in recent years, and JIS B weighting with small temperature change 
rates or the EIA standard X7R characteristic is applied to the thin layer mass laminated ceramic capacitor. Use 
BaTiO^ as an accessory constituent as the main ingredients at JP,8-124784,A, and For example, MgO, The 

reducing-proof dielectric constituent usable in base metals containing at least one sort and SiO^ which are 
chosen from Y2O3, BaO, and CaO, such as nickel and nickel system alloy, is indicated. MgO and the reducing- 
proof dielectric constituent which contained the oxide of a Li20-B203-(Si, Ti) Oj system as a sintering aid 
ingredient are indicated by JP,9-171938,A as an accessory constituent to the main ingredients of a BaTiOj 

system. The mass laminated ceramic capacitor with which the temperature change rates of electric capacity, 
small moreover, used the internal electrode of a cheap nickel system by this is commercialized mainly centering 
on the low rated voltage article of 1 6 - 50VDC. 
[0009] 

[Problem(s) to be Solved by the Invention]However, many of conventional reducing-proof dielectric constituents 
were developed as an object for the laminated ceramic capacitors of low rated voltage large scale, and rated 
voltage was unsuitable on the electrical property as an object for the junior-and-senior-high-schools pressure of 
630 or more VDC. It is hard to say that the conventional reducing-proof dielectric constituent is moreover 
designed in consideration of the uniform dispersibility and reactivity of a minute amount additive to the 
perovskite oxide which is the main ingredients. By the factor which cannot be controlled on a process, the 
characteristic of a product and quality were changed and a fall and reliability defect of the yield are caused. For 
example, it is difficult for a little especially reducing-proof dielectric constituents produced with the temporary- 
quenching mixed method which is the conventional process to distribute uniformly sintering aid ingredients, such 
as a Li20-B203-(Si, Ti) O2 system and a BiaO-Si02 system, also in an additive, The sintering aid ingredient was 

the constituent distributed unevenly. As a result, cause a local anomalous reaction in the reaction process at the 
time of calcination, dispersion in crystalline particle diameter becomes large, and, moreover, it becomes the 
heterogeneous fine structure with many pores, Electric capacity and dispersion of dielectric loss arose and it had 
the problem that dielectric breakdown voltage was low, and distribution of the down time in super-accelerating 
life test (HALT) was large, and mean down time was short. 

[0010]Then, this invention is uniformly distributed in the main ingredients, without solving above SUBJECT and a 
sintering aid ingredient carrying out a segregation. It aims at providing the reducing-proof dielectric constituent 
which can reveal the electrical property outstanding as an object for junior-and-senior-high-schools pressure, 
and providing a base metal internal electrode laminated ceramic capacitor with small dispersion, such as an initial 
characteristic and durable reliability, using this reducing-proof dielectric constituent 
[0011] 

[Means for Solving the Problem]In order to solve this SUBJECT a reducing-proof dielectric constituent of this 
invention, A compound which turns into an oxide of Dy by an oxide of Dy, or calcination as an additive at least to 
BaTiOg which is the main ingredients, A compound which turns into an oxide of Mn by a compound, an oxide of 

Mn, or calcination which becomes an oxide of Mg by an oxide of Mg or calcination is contained. It is expressed 
with a general formula of Ba^_xCaxSi03 as a sintering aid at least, and X contains an ingredient which consists 

of within the limits of 0<=X<=1 . A reducing-proof dielectric constituent for manufacturing a laminated ceramic 
capacitor which has the outstanding reduction-proof nature by this, and has an electrical property which is equal 
as an object for junior^and-senior^high-schools pressure is obtained. 



[001 2] A reducing-proof dielectric constituent which has still better electrical property and reliability is obtained 
by specifying an addition of said additive and a sintering aid to the BaTiO3l00 mol which is the main ingredients. 
[001 3] A reducing-proof dielectric constituent of this invention is expressed with a general formula of Ba^_ 
^08^5103, An ammonia solution is dropped and adjusted while X stirs a mixed solution of acetate solution of Ca 

and Ba, and a metal alkoxide ethanol solution of Si for a sintering aid ingredient which consists of within the 
limits of 0<=X<=1. Since the circumference of BaTiOg particles which are the main ingredients is uniformly 

coated with an ingredient containing Ca, Ba, and Si by this, a reducing-proof dielectric constituent which can 
form a very precise organization where there is no anomalous reaction local at the time of calcination, and a 
sintering aid ingredient was distributed uniformly is obtained. 

[001 4]A tipped type with which a laminated ceramic capacitor of this invention constituted a ceramic dielectric 
layer which forms an effective layer and invalid layers from an aforementioned reducing-proof dielectric 
constituent, It is a laminated ceramic capacitor of a mold and a reed-type, and proper use according to a user's 
request is attained taking advantage of each feature mainly as an oliyect for junior-and-senior-high-schools 
pressure. 
[0015] 

[Embodiment of the Invention]As opposed to BaTiOg whose invention of this invention according to claim 1 is 

the main ingredients, The compound which turns into an oxide of Dy by the oxide of Dy, or calcination as an 
additive at least, The compound which turns into an oxide of Mn by the compound, the oxide of Mn, or 

calcination which becomes an oxide of Mg by the oxide of Mg or calcination is contained. It is expressed with the 
general formula of Ba^_^Caj^Si03 as a sintering aid at least, X is a reducing-proof dielectric constituent 

containing the ingredient which consists of within the limits of 0<=X<=1, and it has the operation that the 
reducing-proof dielectric constituent which can form the base metal internal electrode laminated ceramic 
capacitor which has an electrical property which is equal as an object for junior-and-senior-high-schools 
pressure is realizable. 

[001 6] As opposed to the BaTiOglOO mol whose invention of this invention according to claim 2 is the main 

ingredients. The compound which turns into an oxide by the oxide of Dy, or calcination as an additive by oxide 
^^2^3 <^<"iversion 0.2-1 .3 mol, The compound which turns into an oxide by the oxide of Mg, or calcination by 

oxide MgO conversion 0.1-1.2 mol, 0.02-0.12 mol of compounds which turn into an oxide by the oxide of Mn or 
calcination are contained by oxide MngO^ conversion, It is expressed with the general formula of Ba^.j^Caj^SiOg 

as a sintering aid, X is a reducing-proof dielectric constituent containing 0.5-3.5 mol of ingredients which consist 
of within the limits of 0<=X<=1, The reduction-proof nature which was excellent in the atmosphere below the 
oxidation reduction equilibrium oxygen partial pressure of nickel at calcination temperature is obtained, and it has 
the operation that the reducing-proof dielectric constituent which can form nickel internal electrode laminated 
ceramic capacitor which has a good electrical property and advanced reliability is realizable. 
[0017]The ingredient which the invention of this invention according to claim 3 is expressed with the general 
formula of Ba^_xCaxSi03 to claims 1 and 2 in the invention of a statement, and X becomes from within the limits 

of 0<=X<=1, It is what trickles and adjusts an ammonia solution to this mixed solution while stirring the mixed 
solution of the acetate solution of Ca and Ba, and the metal alkoxide ethanol solution of Si, At the same time the 
sintering aid ingredient containing Ca, Ba, and Si is distributed uniformly, Since the circumference of the BaTi03 

particles which are the main ingredients is uniformly coated by these ingredients, the local anomalous reaction at 
the time of calcination is inhibited, and it has the operation that a reducing-proof dielectric constituent with said 
sintering aid ingredient able to form the very precise organization distributed uniformly is realizable. 
[001 8]A base with the invalid layers which comprise the effective layer which provided the internal electrode 
layer which comprises the alloy in which the invention of this invention according to claim 4 uses nickel or nickel 
as the main ingredients among two or more 1st ceramic dielectric layers, and two or more 2nd ceramic dielectric 
layers, It is the tipped type laminated ceramic capacitor provided with the exterior electrodes of a couple which 
were provided so that it might result [ from the both ends of said base ] in a flank, and were electrically joined to 
said internal electrode layer. It is what constitutes said ceramic dielectric layer from a reducing-proof dielectric 
constituent given in claims 1, 2, and 3, It is dramatically precise and has the controlled fine texture, and it has a 
good electrical property and reliability and has the operation that the laminated ceramic capacitor for junior-and- 
senior-high-schools pressure in which a surface mount is possible is realizable for the circuit board etc. 



[001 9]A base with the invalid layers which comprise the effective layer which provided the internal electrode 
layer which comprises the alloy in which the Invention of this invention according to claim 5 uses nickel or nickel 
as the main ingredients among two or more 1st ceramic dielectric layers, and two or more 2nd ceramic dielectric 
layers, The exterior electrodes of a couple which were provided so that it might result [ from the both ends of 
said base ] in a flank, and were electrically joined to said internal electrode layer. It is a laminated ceramic 
capacitor of the mold which was equipped wrth the terminal connected to said exterior electrodes, respectively 
and where said base and exterior electrodes were embedded with resin. It is what constitutes said ceramic 
dielectric layer from a reducing-proof dielectric constituent given in claims 1, 2, and 3, It is dramatically precise 
and has the controlled fine texture, and it has a good electrical property and reliability, there is no surface 
creepage by abnormal voltage, and it has the operation that the surface mount type laminated ceramic capacitor 
for junioi^and-senior-high-schools pressure which has the endurance further outstanding to mechanical stress, 
such as a deflection, is realizable. 

[0020]And a base with the invalid layers which comprise the efPective layer which provided the internal electrode 
layer which comprises the alloy in which the invention of this invention according to claim 6 uses nickel or nickel 
as the main ingredients among two or more 1 st ceramic dielectric layers, and two or more 2nd ceramic dielectric 
layers. The exterior electrodes of a couple which were provided so that it might result [ from the both ends of 
said base ] in a flank, and were electrically joined to said Internal electrode layer, It is a laminated ceramic 
capacitor of the reed^ype by which was provided with the lead connected to said exterior electrodes, 
respectively, and said base and exterior electrodes were covered by resin. It is what constitutes said ceramic 
dielectric layer from a reducing-proof dielectric constrtuent given in claims 1, 2, and 3, It is dramatically precise, 
have the controlled fine texture, and it has a good electrical property and reliability, There Is no surface creepage 
by abnormal voltage, and since a lead is further soldered to the circuit board, mechanical stress, such as a 
deflection, has the operation that the laminated ceramic capacitor for junior-and-senioi~high-sohools pressure 
no impressed is realizable. 

[0021] As for the barium titanate powder used in operation of this invention, what has small mean particle 
diameter and width of particle size distribution is preferred. Since the one about reactivity where it is smaller is 
easy for the manifestation of B weighting or X7R characteristic, it is preferred to use powder with a high degree 
of crystalllnity. As an impurity mixed in the process of manufacturing such barium titanate powder, although 
there are alkaline-earth metals, iron, silicon, aluminum other than barium, etc., even rf it contains these impurities 
by thousands of ppm order, there is no trouble in particular. 

[0022]It is expressed with the general formula of Ba^.^Ca^SiOj, and acetate of Ca and Ba and the alkoxide of Si 

which are the charges of a start material of the sintering aid ingredient which X becomes from within the limits of 
0<=X<=1 can use a common commercial item. Since the impurity contained in these is metal which has the 
similar chemical nature, even rf contained by thousands of ppm order like the above-mentioned barium titanate, 
there is no trouble in particular. The ethanol in which an alkoxide is dissolved can also use a common commercial 
item. 

[0023]These acetate and an alkoxide exist as ion hydrated in the water-ethanol solution, Dropping of a next 
ammonia solution generates detailed hydroxide in the form of colloid suspension. As for the concentration of an 
ammonia solution, since distributing in the uniform state is desirable when this is mixed with barium titanate, it is 
desirable to use low concentration more with 1 mol [ I. ] /or less and the process like equipment, when there is a 
time margin, if the concentration of an ammonia solution becomes thick exceeding 1 mol/l., since the above- 
mentioned hydroxide will incline and generate and will be mixed with barium titanate powder in the state uneven 
in presentation — final — a presentation — it becomes an uneven reducing-proof dielectric constituent, and a 
completely different result from the place which this invention means is brought. 
[0024]The quantity of each additive added to barium titanate powder is limited from a viewpoint of the 
reduction-proof nature at the dielectric constant of the laminated ceramic capacitor to manufacture, dielectric 
loss and the temperature change rates of an electrostatic capacity, insulation resistance, dielectric breakdown 
voltage, a high temperature load life, and calcination temperature. If Dy2^3 ^^^^^^ "^^^ to 100 mol of barium 

titanate, since ebumation by calcination will become imperfect, if a dielectric constant falls and it becomes less 
than 0.2 mol, the temperature change rates of an electrostatic capacity will become large, and a high 
temperature load life will become short. If MgO exceeds 1 .2 mol to 1 00 mol of barium titanate, decline in a 
dielectric constant and Increase of dielectric loss will be caused, and if it becomes less than 0.1 mol, the 
reduction-proof nature at calcination temperature will be spoiled, and it crosses generally [ an electrical property 
and a life ], and deteriorates. If Mn-0^ exceeds 0.12 mol to 100 mol of barium titanate, dielectric loss will 



increase, and if it becomes less than 0.02 mol, insulation resistance and dielectric breakdown voltage will fall, and 
a high temperature load life becomes short 

[0025]It is expressed with the general formula of Ba^_^CaxSi03 to ICQ mol of barium titanate, If a high 

temperature load life deteriorates and it becomes less than 0.5 mol at the same time a dielectric constant will 
fall, if the sintering aid ingredient which X becomes from within the limits of 0<=X<=1 exceeds 3.5 mol, the effect 
as a sintering aid will not be acquired, but eburnation by calcination becomes imperfect, and it crosses generally 
[ an electrical property and a life ], and deteriorates. 
[0026] 

[Example] Next, the example of this invention is explained. 

[0027](Example 1 ) The compound of DygOg [ which is the BaTiOg powder (product BTmade from Sakai 

chemicals-03) and additive agent which are the main ingredients according to the presentation table shown in 
the outline (Table 1 Table 2) of the experiment ], MgO, and Mn^O^, The colloid suspension of the sintering aid 

ingredient which comprises Ca, Ba, and Si is mixed with a ball mill, and each starting material powder is produced. 
The presentation of the sintering aid ingredient was made into BaQgCaQgSiO^ in this example. 

[0028] 
[Table 1] 



Run 
No. 








BaTiQ. 




NgO 


MnjO^ 




1 HA 


100 


0.15 


0.60 


0.07 


1.90 


2 


100 


0.20 


0.60 


0. 07 


1. 90 


3 


100 


0.75 


0.60 


0.07 


1.90 


4 


100 


1.30 


0 60 


0. 07 


1.90 


5 y& 


100 


1.50 


0 60 


0. 07 


1.90 


6 ^ 


100 


0.76 


0 05 


0.07 


1.90 


7 


100 


0.75 


0. 10 


0, 07 


1.90 


B 


100 


0.75 


0 60 


a 07 


1.90 


8 


100 


0.75 


1.20 


0.07 


i.eo 


10 ^ 


100 


0.75 


1.60 


0.07 


1.90 


11 ^ 


100 


0. 75 


0.60 


0.01 


1.00 


12 


100 


0.75 


0.60 


0.02 


1.90 


13 


100 


0.75 


0.60 


0.07 


1.90 


14 


100 


0.75 


0. 60 


0. 12 


1.90 


15 ^ 


100 


0.75 


0. 60 


0. 20 


1.90 


16 


100 


0.75 


0.60 


0.07 


0.30 



[0029] 
[Table 2] 



Run 
N o. 




sum 




BaTiO, 


Dy,0, 


HgO 






17 


ICO 


0.75 


0.60 


0 07 


0.50 


18 


100 


0.75 


0.60 


0.07 


1.90 


Id 


100 


0.75 


0.60 


0.07 


a. 50 


20 m 


100 


0.75 


0. SO 


0. 07 


4.00 


21 ^ 


100 


0.15 


O05 


0.01 


0.30 


22 


100 


0.20 


0 10 


0.02 


0.50 


23 


100 


1.30 


1.20 


0. 12 


3.50 


24 iiJ 


100 


1. 50 


1. 60 


0. 20 


4.00 



[0030]The maker and grade of raw material to be used were collectively indicated to (Table 3). 

[0031] 
[Table 3] 





* - t 


>• 1/ - r 


BaTiO, 




BT-03 No. 000132 


OyA 




DSU 


MgO 




5000 /r>i 


MnA 


Ky- 


7' a^MX 


Ba(OH,COO), 






Ca(CH,C0O),-H2O 




<«« 


TEOS 


mini 





[0032]Next, the produced povi/der is used, rated voltage guarantees 630VDC in 3216 sizes, and shape makes as 
an experiment and carries out the overall evaluation of the laminated ceramic capacitor which can acquire the 
electrostatic capacity value of 10000PF. 

[0033]The detailed trial production procedure and valuation method of a laminated ceramic capacitor are 
explained below. 

[0034] Dy^O^ which is the BaTiO^ powder and additive agent which are the main ingredients, Based on the 

presentation table of (Table 1 }, weighing of the specified quantity is carried out with an electronic balance, and 
the nature ball of ZrO^ of 5 mmphi throws in each powder of MgO and Mn^O^ in the pot mill made from 

polyethylene whose content volume which entered 350g is 600 CC. next, acetate after carrying out weighing of 
acetate of Ba and Ca, and the specified quantity of TEOS (tetraethoxysilane) with an electronic balance based 
on the presentation table of (Table 1) — 100-GC pure water — TEOS is independently dissolved in 150-CC 
ethanol. And specified quantity dropping of the 1-N ammonia solution was carried out having thrown in acetate 
solution in the ethanol solution and continuing stirring, and the colloid suspension which comprises a sintering aid 
ingredient was obtained. Next, this colloid suspension was thrown in in the above-mentioned ball mill, and it 
mixed with the revolving speed of 1 00 rpm for 20 hours. Filtered the mixture with the silk screen of 1 50 meshes, 
and threw it in in the stainless steel bat which covered with the Teflon (registered trademark) sheet, and it made 
the amount of ethanol volatilize, warming in a draft, covered with aluminum foil, and dried it at the temperature of 
1 50 degreeC. After cracking the dry mass material in an alumina mortar, it passed the nylon screen of 32 
meshes, put it into the crucible made from alumina, was heat-treated on the conditions of 400 degreeC / 2 
hours, and was used as the powder for slurries. 

[0035]Next, humidity was carried out by mixing the specified quantity of the powder for slurries with a solvent 



and a plasticizer. The vehicle which comprises after humid and polyvinyl butyral resin was mixed, and the slurry 
for sheet forming was produced. 

[0036]Next after filtering this slurry with the silk screen of 150 meshes, membranes were formed and the 
ceramic raw sheet was obtained. And it cut and the green chip was obtained, after laminating based on 
predetermined lamination specification using this ceramic raw sheet and the internal electrode sheet produced 
from NI paste with a transfer construction method. 

[0037]Next, it degreased, after having applied NI paste to the both-ends side after cutting off the obtained green 
chip the comers, and drying. And reducing atmosphere calcination was carried out at the revolving atmosphere 
furnace. Calcination was held at the temperature of 1250 degreeC for 2 hours in an oxygen tension atmosphere 
lower about double figures than the equilibrium oxygen partial pressure of nickel adjusted with green gas, CO2, 
and And after applying the Ag paste used as the upper exterior electrodes to the both-ends side of the 

calcinated chip and printing in the atmosphere, Sn plating was given nickel plating and on it, and the chip type 
laminated ceramic capacitor of this example was completed. The chip type laminated ceramic capacitor of 
produced this example, As shown in drawing 1 , the nature ceramic dielectric layer 1 3 of BaTiO^ and the internal 

electrode layers 12a, 12b, and 12c containing nickel are laminated by turns. The nature ceramic dielectric layer 
1 3 of BaTiOj is laminated by the upper and lower sides of the formed electric capacity acquisition layer and the 

becoming effective layer as invalid layers, and the layered product 1 1 is formed in them. 
The nature lower layer exterior electrodes 14 of nickel electrically joined to said internal electrode layers 12b 
and 1 2c were formed in the both ends of this layered product 11, and the nature of Ag upper exterior electrodes 
1 5 were formed on it. 

[0038]Next, the electrical property of the chip type laminated ceramic capacitor made as an experiment was 
evaluated. An electrostatic capacity (Cap) and dielectric loss (tandelta) were measured under the signal level of 
1 V/lkHz using LCR meter 4284A made from YHP. Using the insulation resistance tester R8340A by 
ADVANTEST CORP., 500VDC was impressed for 1 minute and the insulation resistance value (IR) measured it. 
Dielectric breakdown voltage (BDV) measured direct breakdown voltage in the air using the resisting pressure 
meter made from the Kikusui electron. The temperature change rates (Cap-TC) of the electrostatic capacity 
connected LCR meter 4284A made from YHP to the thermostat, and measured it within the limits of -55-+125 
degreeC. Presenting 20-piece measurement with an electrostatic capacity and dielectric loss respectively, 
respectively, an insulation resistance value and dielectric breakdown voltage were measured, computed average 
value, and showed ten pieces and two temperature change rates to those results (Table 4 Table 5). 
[0039] 
[Table 4] 



Run 
No. 


Cap 

PF 


Tan* 
96 


1 R 
X10"D 


BDV 
KVDC 


Cap-TC % 


-55' 0 


+125" 0 


1 ^ 


117W 


1.34 


0.9 


1.B 


-19.3 


-21.1 


Z 


10660 


0.80 


1.7 


2.5 


-14.0 


-14 2 


3 


10210 


0.65 


3.8 


2.7 


-13.4 


-13.4 


4 


9570 


0.71 


3.8 


2.6 


-12.2 


-12.7 


5 


8700 


0.76 


3.6 


2.4 


-12.0 


-11.1 


6 iS$ 


10900 


1.21 


0.7 


1.4 


-17.1 


-19.0 


7 


10670 


0.84 


1.4 


2.3 


-14.4 


-14.7 


8 


10140 


0.80 


3.7 


2.4 


-12.1 


-12.6 


9 


0490 


0.72 


3.6 


2.4 


-13.6 


-13.9 


10 ^ 


9030 


1. 18 


2.9 


2.0 


-12.0 


-13.1 


11 ^ 


10770 


0.99 


0.5 


1.1 


-14.8 


-15.8 


12 


10380 


0.70 


1.2 


2.3 


-13.1 


-13.4 


13 


10270 


0.67 


3.1 


2.6 


-12.7 


-12.9 


14 


8710 


0.88 


3. 1 


2.7 


-13.0 


-13.2 


15 


9190 


1.24 


2.8 


2.5 


-12.4 


-13.0 


16 Jii 


11210 


1.10 


1. 1 


1. 6 


-16. 5 


-17.0 


17 


10670 


0.78 


2.7 


2.1 


-13.8 


-14 2 



[0040] 
[Table 5] 



Run 
No. 


Cap 

pF 


Tang 
96 


1 R 
X10"0 


BDV 
KVDC 


Cap-TC 96 


-55* 0 


+125' C 


18 


10260 


0.62 


3.5 


2.7 


-12.5 


-13.5 


18 


8580 


0.62 


3.4 


2.6 


-12.1 


-12.4 


20 


8820 


0,70 


3. 1 


2.2 


-12.0 


-11.8 


21 $K 


12100 


1.26 


0.6 


1.5 


-17.4 


-18.1 


22 


10720 


0.88 


1.5 


2.2 


-14.0 


-14.5 


23 


9830 


a 71 


2.9 


2.4 


-12.2 


-12.6 


24 ^ 


8520 


1.70 


2. 1 


2.0 


-12.4 


-13.1 



[004l]The sample No of the sample No (Table 1 Table 2) here (Table 4 Table 5) is supported. What described * 
seal in the sample No in front [ these ] is the sample from which a result good about at least one was not 



obtained among evaluation criteria, such as an electrical property and a degree of sintering. 

[0042](Table 1) Table 2 And (Table 4) (Table 5) since a degree of sintering will deteriorate a little in calcination of 

1250 degreeC if DvgOg exceeds 1.3 mol to 100 mol of barium titanate so that clearly, When the electrostatic 

capacity fell and it became less than 0.2 mol, the temperature change rates of the electrostatic capacity suited 
the tendency which becomes large. If the fall of an electrostatic capacity and increase of dielectric loss will be 
caused if MgO exceeds 1.2 mol to 100 mol of barium titanate, and it became less than 0.1 mol, since the 
reduction-proof nature at the time of calcination would be spoiled, dielectric loss increased and dielectric 
breakdown voltage and insulation resistance deteriorated. When Mn^O^ exceeded 0.12 mol to 100 mol of barium 

titanate, the fall of an electrostatic capacity and the increase in dielectric loss were caused, and when it became 
less than 0.02 mol, insulation resistance and dielectric breakdown voltage deteriorated rapidly. If the sintering aid 
ingredient expressed with the general formula of BaQgCaggSiOg to 100 mol of barium titanate exceeds 3.5 mol, a 

dielectric constant will fall. When it became less than 0.5 mol, the effect as a sintering aid was not acquired, but 
the eburnation by calcination became imperfect, and it crossed generally [ an electrical property ] and 

deteriorated. 

[0043] On the other hand, the laminated ceramic capacitor produced with the reducing-proof dielectric 
constituent of this invention within the limits. It was usable as a chip type laminated ceramic capacitor for junioi^ 
and-senior-high-schools pressure which has a good degree of sintering and electrical property, and the EIA 
standard X7R characteristic and JIS B weighting are satisfied, and rated voltage guarantees 630VDC in 3216 
sizes in shape, and has an electrostatic capacity value of 1 0OOOPF. 

[0044]As mentioned above, according to the reducing-proof dielectric constituent of this invention, it has a good 
degree of sintering and electrical property, and the chip type laminated ceramic capacitor for junior-and-senior- 
high-schools pressure using nickel as an internal electrode can be realized. 

[0045] (Example 2) Dy203 which is the BaTiO^ powder and additive agent which are the main ingredients, Based 

on the RunNo.18 presentation of (Table 1), weighing of the specified quantity is carried out with an electronic 
balance, and the nature ball of ZrO^ of 5 mmphi throws in each powder of MgO and Mn^O^ in the ball mill whose 

content volume which entered 2100g is 2800 CO. next acetate after carrying out weighing of acetate of Ba and 
Ca, and the specified quantity of TECS (tetraethoxysilane) with an electronic balance based on RunNo.18 
presentation — 600-OC pure water — TEOS is independently dissolved in 900-CO ethanol. And 240 CC of 1-N 
ammonia solutions were dropped having thrown in this acetate solution in the ethanol solution, and continuing 
stirring, and the colloid suspension which comprises a sintering aid ingredient was obtained. Next, this colloid 
suspension was thrown in in the above-mentioned ball mill, and it mixed with the revolving speed of 50 rpm for 
20 hours. Filtered the mixture with the silk screen of 150 meshes, and threw it in in the stainless steel bat which 
covered with the Teflon sheet, and it made the amount of ethanol volatilize, warming in a draft, covered with 
aluminum foil, and dried it at the temperature of 150 degreeC. After cracking the dry mass material in an alumina 
mortar, it passed the nylon screen of 32 meshes, put it into the crucible made from alumina, was heat^reated on 
the conditions of 400 degreeC / 2 hours (rising-and-faliing-temperature speed: 200-degr«eC/H), and produced 
about 700g of powder for slurries. 

[0046]And the laminated ceramic capacitor element was produced by the same procedure as Example 1 . Next, 
after giving a terminal to the both-ends side of this laminated ceramic capacitor element, the element body part 
was embedded at the thermosetting resin of the epoxy system, and the laminated ceramic capacitor of the moid 
was completed. 

[0047]The mold laminated ceramic capacitor of produced this example. As shown in drawing 2 . the nature 
ceramic dielectric layer 23 of BaTiO^ and the internal electrode layers 22a, 22b, and 22c containing nickel are 

laminated by turns. The nature ceramic dielectric layer 23 of BaTiO^ is laminated by the upper and lower sides of 

the formed electric capacity acquisition layer and the becoming effective layer as invalid layers, and the layered 
product 21 is formed in them. 

The nature lower layer exterior electrodes 24 of nickel electrically joined to said internal electrode layers 22b 
and 22c were formed in the both ends of this layered product 21, and the nature of Ag upper exterior electrodes 
25 were formed on it. 

And the conductive terminal 27 was pulled out from the both ends of the layered product 21 embedded at the 
thermosetting resin 26, and it was constituted so that a surface mount could be carried out to the circuit board 
via this terminal 27. 

[0048]Next, the flexure test of the mold laminated ceramic capacitor of this example was carried out. Flexure 



tests are the important evaluation criteria forjudging the reliability of the electronic parts for surface mounts, 
After soldering a specimen to a printed circuit board for exclusive use, electric capacity is measured making 
three point bending add with a jig for exclusive use, and it bends and let deflection width (mm) of the substrate in 
the time of an electrostatic capacity value falling rapidly be intensity. Usually, when an electrostatic capacity 
value falls rapidly, the crack has occurred in the specimen in many cases. According to it, in the case of the mold 
laminated ceramic capacitor of this example, even If deflection width exceeded 15 mm, there is no fall of an 
electrostatic capacity value and it was stable. Simultaneously, in the case of the chip type laminated ceramic 
capacitor of Example 1 , the specimen which the electrostatic capacity value fell [ deflection width (mm) ] rapidly 
at 7 mm, and the crack generated was seen. Since the minimum was 2.0 mm, the standard of deflection width 
was a level in which both sides do not have a problem, but the direction of the mold was clearly excellent 
Although surface leak might generate the chip type laminated ceramic capacitor of Example 1 to substandard 
abnormal voltage by dew condensation of the element surface, etc., the mold laminated ceramic capacitor of this 
example did not have the possibility, and was reliable. 

[0049]As mentioned above, the laminated ceramic capacitor of this invention can realize high reliability and 
outstanding surface mount nature by embedding with thermosetting resin and making it a mold. 
[0050] (Example 3) Based on the RunNo.18 presentation, the laminated ceramic capacitor element was produced 
by the same procedure as Example 1 and Example 2. Next after soldering a lead to the both-ends side of this 
laminated ceramic capacitor element, the element body part was covered with the sheathing material of the 
epoxy system, and the laminated ceramic capacitor of the reed^type was completed. 

[0051 ]The reed-type laminated ceramic capacitor of produced this example. As shown in drawing 3 , the nature 
ceramic dielectric layer 33 of BaTiOj and the internal electrode layers 32a, 32b, and 32c containing nickel are 

laminated by turns. The nature ceramic dielectric layer 33 of BaTiOg is laminated by the upper and lower sides of 

the formed electric capacity acquisition layer and the becoming effective layer as invalid layers, and the layered 

product 31 is formed in them. 

The nature lower layer exterior electrodes 34 of nickel electrically joined to said internal electrode layers 32b 
and 32c were formed in the both ends of this layered product 31, and the nature of Ag upper exterior electrodes 

35 were formed on it. 

And the conductive lead 37 was pulled out from the both ends of the layered product 31 embedded at the 
thermosetting resin 36, and it was constituted so that it could solder to the circuit board via this lead 37. 
[0052]There are no worries about the surface creepage by abnormal voltage, since a lead is further soldered to 
the circuit board, no mechanical stress, such as a deflection, is impressed, but the reed-type laminated ceramic 
capacitor of this example has a circuit design top predominance. 
[0053] 

[Effect of the InventionjAs opposed to BaTiOg which Is the main Ingredients as mentioned above according to 

this invention. The compound which turns into an oxide of Dy by the oxide of Dy, or calcination as an additive at 
least. The compound which turns into an oxide of Mn by the compound, the oxide of Mn, or calcination which 
becomes an oxide of Mg by the oxide of Mg or calcination is contained, In order to be expressed with the general 
formula of Ba^.^Ca^SiO^ as a sintering aid at least and for X to contain the ingredient which consists of within 

the limits of 0<=X<=1 and to add a Ba^.^Ca^SiOQ ingredient in the state of a solution. The circumference of the 

BaTiOg particles which are the main ingredients is uniformly coated with the ingredient containing Ca, Ba, and Si, 

and the reducing-proof dielectric constituent which can form the very precise organization where there is no 
anomalous reaction local at the time of calcination, and the sintering aid ingredient was distributed uniformly is 
obtained. Since the laminated ceramic capacitor of the tipped type which constituted the ceramic dielectric layer 
from an aforementioned reducing-proof dielectric constituent a mold, and a reed-type can be formed, the effect 
that the circuit design according to a user's request can be performed taking advantage of each feature mainly 
as an object for junior-and-senior-high-schools pressure is acquired. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing Ij The sectional view showing the laminated ceramic capacitor in the 1 embodiment of this invention 
[Drawing 2]T he sectional view showing the laminated ceramic capacitor in the 1 embodiment of this invention 
[Drawing 3] The sectional view showing the laminated ceramic capacitor in the 1 embodiment of this invention 
[Description of Notations] 
11, 21, and 31 Layered product 

12a, 22a, 32a, 12b, 22b, 32b, 12c, 22c, 32c internal electrode 

1 3, 23, 33 ceramic dielectric layers 

1 4, 24, nature lower layer exterior electrodes of 34 nickel 

1 5, 25, the nature of 35 Ag upper exterior electrodes 

26 Thermosetting resin 

27 Terminal 

36 Sheathing material 

37 Lead 

38 Solder 
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